A lack of the complete pig proteome has left a gap in our knowledge of the pig genome and has restricted the 62 feasibility of using pigs as a biomedical model. We developed the tissue-based proteome maps using 34 major 63 normal pig tissues. A total of 7,319 unknown protein isoforms were identified and systematically characterized, 
115
Therefore, considering the potential contribution to developing pig proteomic atlases, we conducted in-116 depth characterization of pig proteome across 34 histologically normal tissues using high-resolution mass 117 spectrometry. Accordingly, we exploited the novel protein firstly identified herein, poorly annotated proteins,
118
and LOC proteins and defined these as the pig unknown proteins. These unknown proteins were mapped to 119 the latest pig genome (Sus scrofa11.1) for confirming their available genomic locations. We then constructed 120 pig transcriptomic atlas and subcellular characterization for these unknown protein isoforms to infer their 
162

Identification and characterization of unknown pig proteins 163
Classifying all of 24,431 identified protein isoforms (Figure 2a) genes, and 2,947 protein isoforms remain a lack of NCBI annotation support in the pig genome (Figure 2b ).
170
The rest of 3,703 protein isoforms were identified by MS/MS data for the first time in this study, which can 171 be considered as potential novel proteins.
172
To further enhance the annotation of PCGs for the current pig genome, we systematically characterize 173 these 7,319 feature or/and location unknown protein isoforms detected in current study (i.e., 669 protein 174 isoforms of LOC genes, 2,947 protein isoforms without genomic location annotation and 3,703 protein novel 175 isoforms firstly identified herein). Considering only 9.14 % of protein isoforms (LOC genes) had the available 176 genomic locations, we mapped the rest of 6,650 unknown protein isoforms to the pig reference genome (Sus 177 scrofa11.1) by MAKER annotation workflow (Cantarel et al. 2008 ). First, the low-complexity repeats of pig 178 reference genome were soft-masked by RepeatMasker. Totally 6,650 out of 7,319 unknown protein isoforms
179
(non-LOC genes) were aligned to the masked reference genome by BLAST (Mount 2007 (Table S2) 
221
On the basis of all the currently well-annotated genes, we constructed a tissue similarity map using 
236
these unknown protein isoforms (average 11.7 tissues) were tend to be expressed in less tissues than well-
237
annotated PCGs (average 21.3 tissues), and nearly 41.6% (n=1453) of unknown protein isoforms were only 238 identified in single tissues. The results showed that the previously incomplete annotation of these unknown 239 protein isoforms were more likely due to their specific expression characteristics (Figure 3c ).
240
Screening the protein isoforms expression patterns in each tissue, we found that the majority expression 241 of transcripts were dominated by the expression of a small proportion of genes in all of the investigated tissues 242 (Table S3) . Specifically, the adult pig tissues of prostate, longissimus dorsi, pancreas, gall bladder, etc., had 243 the least complex transcriptome, with 50% expression of the transcripts coming from a few highly expressed 11 genes (3 to 8 transcripts). In contrast, the reproductive tissues (uterus, testis and ovary), expressed more 
267
In multicellular organisms, genes expressed in a few tissue types are thought to be tissue-enriched genes 268 which have tissue-specific related functions. We observed 8,482 (14%) well-annotated transcripts (5,592 genes) 269 and 1,453 (41.6%) unknown protein isoforms that have a specific expression in a particular tissue, as well as 
281
Apart from the gene observed in tissue specificity, some group-enriched genes over-represented in the 282 group of tissues/organs that work together to perform closely related functions. Accordingly, we found a total 283 of 1,318 (2.18%) well-annotated transcripts (948 genes) and 52 (1.49%) unknown protein isoforms were 284 detected and could be grouped into seven types of tissue ( Figure 4c ). The largest fraction (72.7%) of group-
285
enriched genes belonged to the brain tissues (14.7%), followed by the muscular system (cardiac muscle, 286 longissimus dorsi), adrenal and thymus gland (6.6 %), liver and gallbladder (4.5 %). Generally, these group- Figure 5b , there are only 2.4% of PCGs (n=416) with isoforms belong to two or more 331 categories, which is far less than the 19.3% of PCGs (n=3,917) with the similar type of isoforms in human 332 (Uhlen et al. 2015) . It is worth noting that the novel protein isoforms (86.74%) has a greater proportion of 333 soluble proteins than known protein isoforms (71.49%). The results showed that the solubility of soluble 334 proteins in liquids may be one of the reasons that due to some proteins were missed in current pig proteome.
335
More interestingly, we found that the organ or tissue function were also related to subcellular of their 
361
Inferring orthologous functions of unknown pig proteome across multiple species 362
To pursue stronger evidence and orthologous functions for these unknown proteins, we further aligned the 363 sequence of each isoform against the top 10 species databases. We adopted two criteria to identify homologous 364 sequences to the newly identified swine proteins with those of other species: (1) percent identity is greater 365 than 80%; (2) length of homologous sequence is longer than 80% of the swine protein sequence. ), focal adhesion (corrected P = 3.1e -9 ), regulation of actin cytoskeleton (corrected P = 4.4e -8 ).
387
Importantly, we found 25 disease signaling pathways from the KEGG disease database (corrected P < 0.05) 17 that included the metabolism, nervous system, skeletal, muscular, skin diseases (Figure 6c ). These findings 
424
by human orthologous proteome, we found that these unknown protein isoforms were enriched in 65 KEGG 425 pathways and 25 disease signaling pathways, including the pathways involved in disease of concern for human 426 medicine, such as metabolism, nervous system, skeletal, muscular and skin diseases.
427
The integrated data of proteome and transcriptome in the 34 pig tissues herein were presented in
428
Supplemental file 2, and 7,319 unknown protein isoforms with corresponding genomic locations, expression 429 landscapes, subcellular characterizations, orthologous proteins and predicted functions were also summarized 430 in Table S8 . All findings herein will provide the valuable insight and resources for enhancing studies of pig 431 genomics and biomedical model application to human medicine in the future.
432
Conclusions 433
We have profiled a draft map of pig proteome and identified 7,319 unknown protein isoforms using 34 major Table S1 .
451
Preparation pig samples
452
All samples were snap frozen within the first 20 minutes after slaughter and stored in liquid nitrogen (-196°C) 453 until usage. PBMC were isolated using Ficoll-Hypaque PLUS (GE Healthcare), following the manufacturer's 454 instructions. In brief, the whole blood was first diluted by an equal volume of phosphate buffer solution (PBS).
455
Then, 20 ml of diluted blood was carefully added on top of 10 ml of Ficoll-Hypaque solution in a 50 ml conical 
466
The cell lysate was stored at -80°C before LC-MS analysis. 
495
Liquid chromatography tandem mass spectrometry
496
Peptide mixture was analyzed on a Q Exactive instrument (Thermo Scientific, USA) coupled to a reversed 497 phase chromatography on a DIONEX nano-UPLC system using an Acclaim C18 PepMap100 nano-Trap 498 column (75 μm × 2 cm, 2 μm particle size, Thermo Scientific, USA) connected to an Acclaim PepMap RSLC
499
C18 analytical column (75 μm × 25 cm, 2 μm particle size, Thermo Scientific, USA). Before loading, the 500 sample was dissolved in sample buffer, containing 4% acetonitrile and 0.1% formic acid. Samples were washed 501 22 with 97% mobile phase A (99.9% H2O, 0.1% formic acid) for concentration and desalting. Subsequently, 502 peptides were eluted over 85 min using a linear gradient of 3-80% mobile phase B (99.9% acetonitrile, 0.1% 503 formic acid) at a flow rate of 300 nL/min using the following gradient: 3% B for 5 min; 3-5% B for 1 min; 5-504 18% B for 42 min; 18-25% B for 11 min; 25-30% B for 3 min; 30-80% B for 1 min; hold at 80% B for 5 min; 505 80-3% B for 0.5 min; and then hold at 3% B for 21.5 min. High mass resolution and higher-energy collisional 506 dissociation (HCD) was employed for peptide identification. The nano-LC was coupled online with the Q
507
Exactive mass spectrometer using a stainless steel emitter coupled to a nanospray ion source. The eluent was 508 sprayed via stainless steel emitters at a spray voltage of 2.3 kV and a heated capillary temperature of 320°C.
509
The Orbitrap Elite instrument was operated in data-dependent mode, automatically switching between MS and 510 MS2. Mass spectrometry analysis was performed in a data dependent manner with full scans (350-1,600 m/z) 511 acquired using an Orbitrap mass analyzer at a mass resolution of 70,000 at 400 m/z on Q Exactive using an 512 automatic gain control (AGC) target value of 1×106 charges. All the tandem mass spectra were produced by 513 HCD. Twenty most intense precursor ions from a survey scan were selected for MS/MS from each duty cycle 514 and detected at a mass resolution of 17,500 at m/z of 400 in Orbitrap analyser using an AGC target value of 515 2×105 charges. The maximum injection time for MS2 was 100 ms and dynamic exclusion was set to 20s.
516
Validation of identified Proteins
517
In total, 71 peptides from 31 proteins (7 known proteins, 11 homologous novel proteins, 13 non-homologous 518 novel proteins) were randomly selected for peptide synthesis (GL biochem) for validation of identified proteins.
519
The synthesized peptide sequences were mixed and were processed twice by chromatographic separation using 520 the Thermo EASY-nLC HPLC system and Thermo scientific EASY column. Mass spectral analysis was then 521 performed by Q-Exactive (Thermo Scientific) and processed by Mascot V2.2. Finally, all these peptides were 522 compared with those identified from our proteome analysis to verify novel proteins.
523
QC processing
524
We conducted a quality control step on raw fastq reads for efficient and accurate RNA-seq alignment and 525 analysis. In this step, raw reads were cleaned up for downstream analyses using the following steps: BBDuk 
548
Construction of a reference protein database
549
To identify novel protein and improve existing proteins annotations in the pig genome, the database for protein 550 searching (MS/MS data searched against protein database) was taken from four different levels using in-house 551 perl scripts, including: (1). UniProt database (Sus scrofa) (2). Three-frame-translated mRNA de novo 552 sequences from the current study (3). Six-frame-translated pig genome database. The details are as follows: 
558
annotation. In our study, three RNA resources were used (Table S9) 
579
The high resolution peaklist files were converted into Mascot generic format (mgf) prior to database 580 searching. X!Tandem was set up to search a subset of the pig databases, also assuming trypsin. The target-581 decoy option of Mascot and X!Tandem were enabled (decoy database with reversed protein sequences).
582
Mascot and X!Tandem were used to search with a fragment ion mass tolerance of 0.050 Da and a parent ion 583 tolerance of 10.0 PPM. Carbamidomethyl of cysteine was specified in Mascot and X!Tandem as a fixed 584 modification. Gln-> pyro-Glu of the n-terminus, oxidation of methionine and acetyl of the n-terminus were 585 specified in Mascot as variable modifications. Glu-> pyro-Glu of the n-terminus, ammonia-loss of the n-586 terminus, Gln-> pyro-Glu of the n-terminus, oxidation of methionine and acetylation of the n-terminus were 587 specified in X! Tandem as variable modifications.
588
Scaffold (version Scaffold_4.4.5, Proteome Software Inc., Portland, OR) was used to validate MS/MS 589 based peptide and protein identifications. Peptide identifications were accepted if they achieved an FDR < 1% 590 by the Scaffold Local FDR algorithm. Protein identifications were accepted if they had an FDR < 1% and 591 contained at least 2 identified peptides. Protein probabilities were assigned by the Protein Prophet algorithm.
592
Proteins that contained similar peptides and could not be differentiated based on MS/MS analysis alone were 593 25 grouped to satisfy the principles of parsimony. Proteins sharing significant peptide evidence were grouped 594 into clusters. In the database searching workflow, unmatched MS/MS spectra generated from the Uniprot 595 database search were then searched against next level protein database (De novo, Ab initio).
596
Mapping the protein isoforms to the pig genome
597
We attempted to map all unknown protein isoforms against the pig genome using MAKER annotation 598 workflow (Cantarel et al. 2008 ). First, the low-complexity repeats of pig reference genome were soft-masked 599 by RepeatMasker. Then, the unknown protein isoforms (without LOC genes) were aligned to the masked 603 if a successfully aligned protein had 95% identity overall, 95% coverage and the distance from its neighboring 604 exon being less than 50Kb, it was recorded to be an effectively aligned sequence.
605
Subcellular prediction and classification of pig proteome
606
The prediction of pig membrane proteins was carried out similarly to how these proteins were classified in the (Kall et al. 2004 ). In our study, the proteins were assigned as transmembrane if they were predicted 613 by at least four out of the seven methods.
614
In accordance with human secretome analysis, the prediction of signal peptides (SP) was based on Neural 
618
Integrating the prediction of pig membrane proteins and prediction of pig secretome proteins, we 619 classified each pig protein into one of three classes: secreted, membrane or soluble (neither membrane nor 620 secreted protein). In order to compare the proteome between pig and human conveniently, we also constructed 621 four major categories for classifications of the protein-coding genes with multiple protein isoforms: (1).
622
"soluble" just containing soluble category (2). "secreted" were combined with the soluble/secreted and the 623 secreted (3). "membrane" including soluble/membrane and the membrane groups (4). "membrane and secreted 26 isoforms" containing secreted/membrane and soluble/secreted/membrane groups.
625
Weighted gene co-expression network analysis
626
In order to reveal the groups of protein coding genes that are functionally related in the whole pig organism, 627 34 pig tissue data sets were constructed using the WGCNA method. In our study, we mainly used the 
638
of the most complete genes annotation in human genome, we gave priority to those human annotated genes 639 which were homologous to pig genes and utilized them as the background.
640
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The sequenced RNA-Seq raw data for the 34 pig tissues is available from NCBI Sequences Read Archive 642 with the BioProject number: PRJNA392949. The pig proteomic data was deposited in PRIDE with the
643
Project Accession was PXD006991. 
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